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Abstract
We propose a model with an U(1)B−L gauge symmetry, in which small neutrino masses, dark
matter and the matter-antimatter asymmetry in the Universe can be simultaneously explained. In
particular, the neutrino masses are generated radiatively, while the matter-antimatter asymmetry
is led by the leptogenesis mechanism, at TeV scale. We also explore allowed regions of the model
parameters and discuss some phenomenological effects, including lepton flavor violating processes.
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I. INTRODUCTION
Radiative neutrino mass generation is one of the most promising candidates to naturally
explain the small mass scales of active neutrinos. Some models to realize this type of the
approach can also accommodate dark matter (DM). Normally, when one considers the DM
candidate in a theory, an additional symmetry such as Z2 is imposed in order to stabilize it.
The representative model has been shown in ref. [1]. In recent years, a lot of applications
have been presented in the literature. In particular, a model in ref. [2] with introducing
Z2 × Z2 symmetry and two inert isospin doublet bosons was proposed to understand the
cosmic ray anomaly [3] by a decaying fermionic DM. In this model, the Baryon Asymmetry
of the Universe (BAU) is understood via the leptogenesis mechanism within the TeV scale.
Our paper extends the study in ref. [2] by having a gauged U(1)B−L symmetry instead
of Z2×Z2, in which three right-handed neutrinos are naturally introduced as a usual model
with the U(1)B−L symmetry. However, their charge assignments are taken with a very
unique manner, i.e. −4,−4 and 5 for three right-handed neutrinos [4, 5], respectively.1 It
suggests that the first two right-handed neutrinos can contribute to the active neutrinos
with masses, while the third right-handed one can be a good DM candidate, even though
two kinds of new bosons with nonzero B − L charges have to be added to give the masses
of right-handed neutrinos. As a result, the stabilized symmetry of DM (Z2) is induced as a
remnant symmetry after the spontaneous symmetry breaking (SSB) of U(1)B−L.2
This paper is organized as follows. In Sec. II, we first set up our model. We then discuss
the Higgs sector, the active neutrinos, leptogenesis, lepton flavor violating (LFV) processes
and dark matter. In Sec. III, we give the numerical analysis to explore the allowed parameter
space of the model. We conclude in Sec. IV.
1 Several applications along this ideas can be found in refs. [6–9]
2 A U(1)B−L gauge symmetry is sometimes embedded in larger groups such as SU(2)L × SU(2)R, SU(4),
SU(5), and SO(10). See, e.g., refs. [10, 11].
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II. MODEL SETUP AND PHENOMENOLOGIES
First of all, we impose an additional U(1)B−L gauge symmetry and add three right-
handed neutral fermions NRi(i = 1, 2, 3) to the standard model (SM), where the right-
handed neutrinos have U(1)B−L charges of −4, −4 and 5, respectively. Consequently, all the
anomalies to be considered are the triangular U(1)3B−L and mixed gauged-gravity U(1)B−L
ones, which are found to be zero [4, 5], due to the uniqueness of the charge assignments
in the SM [12]. We also introduce ϕ8 and ϕ10 with nonzero vacuum expectation values
(VEVs) after the SSB of U(1)B−L. As a result, three right-handed neutral fermions acquire
nonzero Majorana masses. Note here that one is still unable to understand active neutrino
masses due to the absence of the Yukawa term L¯LH˜NR. To solve this problem, we place
SU(2)L doublet bosons ζ and η with nonzero U(1)B−L charges, so that neutrino masses are
radiatively generated at one-loop level. Here, ζ is expected to be inert, whereas η is not.
Also the stability of DM is assured by a remnant Z2 symmetry after the SSB of U(1)B−L.
Field contents and their assignments for fermions and bosons are given in Table I and II,
respectively. The renormalizable Lagrangian for the lepton sector and Higgs potential are
TABLE I: Field contents of fermions and their charge assignments under SU(3)C × SU(2)L ×
U(1)Y × U(1)B−L, where i = 1, 2.
Fermions QL uR dR LL eR NRi NR3
SU(3)C 3 3 3 1 1 1 1
SU(2)L 2 1 1 2 1 1 1
U(1)Y
1
6
2
3 −13 −12 −1 0 0
U(1)B−L 13
1
3
1
3 −1 −1 −4 5
3
given by
−LL = yℓaL¯LaeRaH + (yζ)aiL¯La ζ˜NRi +
yNi
2
N¯CRiNRiϕ8 +
yN3
2
N¯CR3NR3ϕ
∗
10 + h.c., (1)
V = µ2H |H|2 + µ2η|η|2 + µ2ζ|ζ |2 + µ2ϕ8 |ϕ8|2 + µ2ϕ10 |ϕ10|2 +
λ0
2
[
(H†ζ)(η†ζ) + h.c.
]
+
λH
4
|H|4 + λη
4
|η|4 + λζ
4
|ζ |4 + λϕ8
4
|ϕ8|4 + λϕ10
4
|ϕ10|4 + λHη|H|2|η|2 + λ′Hη|H†η|2
+ λHζ |H|2|ζ |2 + λ′Hζ |H†ζ |2 + λHϕ8 |H|2|ϕ8|2 + λHϕ10 |H|2|ϕ10|2 + ληζ |η|2|ζ |2 + λ′ηζ |η†ζ |2
+ ληϕ8 |η|2|ϕ8|2 + ληϕ10 |η|2|ϕ10|2 + λζϕ8|ζ |2|ϕ8|2 + λζϕ10|ζ |2|ϕ10|2 + λϕ8ϕ10 |ϕ8|2|ϕ10|2,
(2)
respectively, where ζ˜ ≡ (iσ2)ζ∗ with σ2 being the second Pauli matrix, and a(i) runs over 1
to 3(2).
In the scalar sector, the scalar fields are parameterized as
H =

 w+
v+h+iz√
2

 , η =

 η+
vη+ηR+iηI√
2

 , ζ =

 ζ+
ζR+iζI√
2

 , ϕi = vϕi + ϕRi + izϕi√
2
, (i = 8, 10),
(3)
where
√
v2 + v2η ≈246 GeV, each of the lightest states (=massless states) of (w±, η±) and
(z, ηI), and (zϕ8 , zϕ10) is absorbed by the SM gauge bosons of W
± and Z, and the B − L
gauge boson of Z ′, induced after the SSB. Inserting tadpole conditions, the singly-charged
mass matrix with 2 by 2 in the basis of (w±, η±)T is defined by MC , which is diagonalized
by the orthogonal matrix OC as m
2
H±i
= OCM
2
CO
T
C, (i = 1, 2) with H
±
i (mH±i ) the mass
TABLE II: Field contents of bosons and their charge assignments under SU(3)C×SU(2)L×U(1)Y ×
U(1)B−L.
Bosons H ζ η ϕ8 ϕ10
SU(3)C 1 1 1 1 1
SU(2)L 2 2 2 1 1
U(1)Y
1
2
1
2
1
2
0 0
U(1)B−L 0 −3 −6 8 10
4
eigenstates (eigenvalues), where
M2C =
λ′Hη
2

 v2η −vvη
−vvη v2

 , OC =


v√
v2+v2η
vη√
v2+v2η
− vη√
v2+v2η
v√
v2+v2η

 , m2H±i =

 0 0
0
λ′
Hη
2
(v2 + v2η)

 .
(4)
Therefore, the structure of (w±, η±) is same as one of the two Higgs doublet models [13].
In the same way as the singly-charged case, the CP even matrix with 4 by 4 in the basis
of (h, ηR, ϕR8, ϕR10)
T is defined by MR, which is diagonalized by the orthogonal matrix
OR as m
2
hi
= ORM
2
RO
T
R, (i = 1, 2, · · · , 4) with hi(mhi) the mass eigenstates (eigenvalues).
Furthermore, the SM Higgs is defined by hSM ≡ h1 with mhSM ≡ mh1 = 125 GeV. The
concrete form of MR is given by
M2R ≡


v2λH
2
vvη(λHη + λ
′
Hη) vvϕ8λHϕ8 vvϕ10λHϕ10
vvη(λHη + λ
′
Hη)
v2ηλη
2
vηvϕ8ληϕ8 vηvϕ10ληϕ10
vvϕ8λHϕ8 vηvϕ8ληϕ8
v2ϕ8λϕ8
2
vϕ8vϕ10λϕ8ϕ10
vvϕ10λHϕ10 vηvϕ10ληϕ10 vϕ8vϕ10λϕ8ϕ10
v2ϕ10λϕ10
2

 , (5)
where the OR and mhi are numerically obtained. In the inert sector, the mass eigenstates
of ζR(I) and ζ
± are given by [14]
m2ζR = M
2
ζ +
1
2
λ0vvη, m
2
ζI
= M2ζ −
1
2
λ0vvη, m
2
ζ± = M
2
ζ −
1
2
λ′ηζv
2
η, (6)
M2ζ = µ
2
ζ +
1
2
[
λζϕ8v
2
ϕ8
+ λζϕ10v
2
ϕ10
+ (ληζ + λ
′
ηζ)v
2
η
]
. (7)
Here, we will briefly discuss the breaking scale of U(1)B−L. Because of our large numbers of
B−L charge assignments for bosons ϕ8 and ϕ10 in Table II, our theory can really be within
the TeV scale, where these bosons cause the SSB of U(1)B−L in order to give masses of the
right-handed neutrinos with B −L charges (-4,-4,5). The breaking scale could be evaluated
by the mass of the B − L gauge boson. Once we fix the gauge coupling of B − L (g′) to be
O(1), its typical mass is greater than 6.9 TeV from the LEP constraint [25]. On the other
hand, its theoretical mass in our model can be given by mZ′ = g
′√(8vϕ8)2 + (10vϕ10)2. Even
assuming vϕ8 >> vϕ10 , the typical breaking scale of B − L can be less than 1 TeV.
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〈η〉
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FIG. 1: One loop diagram which induces neutrino masses.
A. Neutrino masses
Since yℓ and yN can be diagonal without loss of generality in Eq. (1), we define mℓa =
yℓav/
√
2 (a = e, µ, τ) MNi = yNivϕ8/
√
2 (i = 1, 2) after the electroweak and U(1)B−L
symmetry breakings, where mℓ and MN are respectively the masses of charged-leptons and
right-handed neutrinos. The neutrino mass matrix is induced at one-loop level as shown in
Fig. 1, and its form is given by [1]
(Mν)αβ = 1
16π2
∑
i=1,2
(yζ)αi(y
T
ζ )iβMNi
(
m2ζR
m2ζR −M2Ni
ln
[
m2ζR
M2Ni
]
− m
2
ζI
m2ζI −M2Ni
ln
[
m2ζI
M2Ni
])
.
(8)
We note that the Casas-Ibarra parametrization is a convenient method to achieve the numer-
ical analysis [17]. Once we define mν ≡ UMNSMνUTMNS, yζ can be replaced by observables
with several arbitral parameters given by
yζ = U
†
MNSm
1/2
ν OR
−1/2 ,
R ≡ 1
16π2
∑
i=1,2
MNi
(
m2ζR
m2ζR −M2Ni
ln
[
m2ζR
M2Ni
]
− m
2
ζI
m2ζI −M2Ni
ln
[
m2ζI
M2Ni
])
, (9)
where UMNS and mν are measured by neutrino oscillation experiments. And O is an arbitral
complex 3 by 2 rotation matrix with OOT = Diag(0, 1, 1) (OTO = 12×2), which can be
parametrized by the following matrices for the normal hierarchy (NH) and inverted hierarchy
(IH) [18]:
O =


0 0
cos z − sin z
± sin z ± cos z

 , O =


cos z − sin z
± sin z ± cos z
0 0

 , (10)
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FIG. 2: Tree level and one-loop diagrams for NR1 → ℓiζ.
respectively, where z can be complex. In our numerical analysis, we will use the global fit
of the current neutrino oscillation data as the best fit values for NH and IH [19]:
NH : s212 = 0.304, s
2
23 = 0.452, s
2
13 = 0.0218, δCP =
306
180
π,
(mν1 , mν2 , mν3) ≈ (0, 8.66, 49.6) meV, (11)
IH : s212 = 0.304, s
2
23 = 0.579, s
2
13 = 0.0219, δCP =
254
180
π,
(mν1 , mν2 , mν3) ≈ (49.5, 50.2, 0) meV, (12)
where s12,13,23 are the short-hand notations of sin θ12,13,23 for three mixing angles of UMNS,
while two Majorana phases are taken to be zero.
B. Leptogenesis
Here, we discuss the resonant leptogenesis mechanism, followed by those in ref. [2].3 First
of all, we expect that the source of the CP asymmetry (CPA) is induced from NR1 via the
two-body decay as shown in Fig. 2. Then, the CPA, which is denoted by ǫ, is approximately
computed by
ǫ ≃ − 3
16π
Im
[
(y†ζyζ)
2
12
]
(y†ζyζ)11
MN1
MN2
, (13)
where we have assumed MN1 << MN2 .
4 During creating the lepton asymmetry, the decay
width of NR1 should satisfy the following condition of the out-of-equilibrium:
Γ(NR1 → ℓ±ζ∓) . H(MN1), (14)
3 A comprehensive study is found in, e.g., ref. [20].
4 In our numerical analysis, we will take 3 . MN1/MN2 . 10 [21].
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ζ−
γ
NRiℓα ℓβ
FIG. 3: One loop diagram for LFVs of ℓα → ℓβγ.
with
Γ(NR1 → ℓ±ζ∓) =
(y†ζyζ)11
16π
MN1
(
1− m
2
ζ±
M2N1
)2
, H(T ) =
(
8π3g∗
90
)1/2
T 2
MP l
, (15)
where H(T ) is the Hubble parameter at the temperature (T ), g∗ ≈ 100 is the relativistic
degrees of freedom, and MP l ≈ 1019 GeV is the Planck mass. Furthermore, one can derive
the following condition:
(y†ζyζ)11 .
(
256π5g∗
45
)1/2
MN1
MP l
(
1− m
2
ζ±
M2N1
)−2
, (16)
which implies (1 −m2ζ±/M2N1) = O(10−5 ∼ 10−4) for yζ = O(10−3) and MN1 = O(0.1 ∼ 1)
TeV, although we will numerically analyze later. Consequently, the resulting BAU (YB) is
found as [21]
YB ≃ − 1
15
ǫ
g∗
= (5.8 ∼ 6.6)× 10−10, (17)
where the last value is the current bound on the BAU [22].
C. Lepton flavor violating processes
In our model, there exist various LFV processes such as ℓα → ℓβγ, ℓa → ℓbℓcℓ¯d, and flavor
changing processes involving quarks such as semi-leptonic decays. First of all, let us consider
the processes ℓα → ℓβγ in Fig. 3, which are induced from the neutrino Yukawa couplings at
8
ℓa NRi
NRj
ℓb
ℓc
ℓ¯d
ζ− ζ−
FIG. 4: Typical box diagrams for LFVs of ℓa → ℓbℓcℓ¯d.
Z ′(γ)
ℓa NRi ℓb
ℓc
ℓ¯d
ζ−
Z ′
ℓa NRi ℓb
ℓc
ℓ¯d
ζ−
FIG. 5: One-loop diagrams via the Z ′(γ) boson for LFVs of ℓa → ℓbℓcℓ¯d.
one-loop level. The decay branching ratios (BRs) are given by
BR(ℓα → ℓβγ) = 3αemCαβ
16πG2F
∣∣∣∣∣
∑
i=1,2
(yζ)βi(y
†
ζ)iα
M2Ni
FI(rℓα, rNi)
∣∣∣∣∣
2
, (18)
FI(rℓα, rNi) =
∫ 1
0
dx
∫ 1−x
0
dy
xy
x+ (1− x)rNi + (x2 − x)rℓα
, (19)
where rNi ≡ m2ζ±/M2Ni, rℓα ≡ m2ℓα/M2Ni, αem ≈ 1/137, GF ≈ 1.17 × 10−5 GeV−2, Cµe ≈ 1,
Cτe ≈ 0.1784, and Cτµ ≈ 0.1736. The simplified form in the limit of rℓα << 1 is read as
FI(0, rNi) ≈
2 + 3rNi − 6r2Ni + r3Ni + 6rNi ln rNi
(1− rNi)4
. (20)
Experimental upper bounds for the branching ratios of the LFV decays are found to be [23]:
BR(µ→ eγ) . 4.2× 10−13, BR(τ → eγ) . 3.3× 10−8, BR(τ → µγ) . 4.4× 10−13. (21)
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TABLE III: A summary of the constraints of three-body decay branching ratios (BRs).
Upper limits of BRs
BR(µ− → e+e−e−) . 1.0× 10−12
BR(τ− → e+e−e−) . 2.7 × 10−8
BR(τ− → e+e−µ−) . 1.8 × 10−8
BR(τ− → e+µ−µ−) . 1.7× 10−8
BR(τ− → µ+e−e−) . 1.5 × 10−8
BR(τ− → µ+e−µ−) . 2.7× 10−8
BR(τ− → µ+µ−µ−) . 2.1× 10−8
The stringent constraint comes from µ → eγ, and it roughly gives the upper limit yζ .
O(10−2) for MN1 = O(100) GeV, where MN1 << MN2 is expected from the leptogenesis.
Next, let us discuss the three-body LFV decays of ℓa → ℓbℓcℓ¯d. These decays are of course
expected to be tiny compared to those of ℓα → ℓβγ due to phase spaces as well as additional
small couplings. In our case, they consist of two kinds of one-loop diagrams; box diagrams
via Yukawa couplings in Fig. 4 and Penguin types of diagrams mediated by γ(Z ′) boson via
kinetic and Yukawa terms in Fig. 5. However since the diagram via γ is always smaller than
the contributions of ℓα → ℓβγ [24], it can be negligible. From the box diagrams in Fig. 4, the
most stringent bound for the three-body decays arises from µ→ eee¯ as shown in Table III,
given by [22]
BR(µ→ eee¯) . 1.0× 10−12. (22)
Here, we will estimate the theoretical bound in terms of the Yukawa coupling, by applying
this experimental bound in Eq. (22). The bound on the Yukawa coupling for the box diagram
in Fig. 4 is severely estimated as [26]
(yζ)11(yζ)
†
11 . 8.6× 10−5
MN1
GeV
. (23)
Even when we take MN1 = O(100) GeV that is the minimal mass allowed by leptogenesis,
we find (yζ)11(yζ)
†
11 . O(0.01); Min.[yζ ] ≃ O(0.1). This bound is weaker than the case of
ℓα → ℓβγ by one order of magnitude. From the Z ′ mediated diagrams in Fig. 5, one finds [26]
(yζ)11(yζ)
†
11 . 2.62× 10−9
[mZ′
GeV
]2
g′−2 . 0.13, (24)
10
Z ′
dj
d¯k
W
ui
ui
ℓ
ℓ¯
FIG. 6: Typical semi-leptonic decay mode.
where we have applied the relation (g′/mZ′)2 < (6.9 TeV)−2 given by the LEP experi-
ment [25]. Clearly, Eq. (24) leads to Min.[yζ] ≃ O(0.4), which is weaker than the box
one.
Semi-leptonic decays also occur at one-loop level via the Z ′ boson in Fig. 6, where we
neglect the contribution from the Yukawa coupling because it is tiny enough. The effective
Hamiltonian is given by
Heff ≈ −g22
∑
i=u,c,t
(V †CKM)ki(VCKM)ijF (ui,W )
(4π)2
[
g′
mZ′
]2
(d¯kγaPLdj)(ℓ¯γ
aℓ), (25)
where g2 is the SU(2)L gauge coupling, VCKM is the Cabibbo-Kobayashi-Maskawa mixing
matrix, and F (ui,W ) is an one-loop function that is order one at most. One of the stringent
constraints comes from BR(Bs → µ¯µ), and it is evaluated by the coefficient of the above
effective Hamiltonian, given by
BR(Bs → µ¯µ) :
∣∣∣∣∣g22
∑
i=u,c,t
(V †CKM)si(VCKM)ib
(4π)2
[
g′
mZ′
]2∣∣∣∣∣ . 5× 10−9 GeV−2, (26)
where we have assumed F (ui,W ) ≈ 1 and the right-hand side is the experimental bound
of BR(Bs → µ¯µ). As the numerical value of the left-hand side in Eq. (26) is the order
10−12 at most by applying the relation (g′/mZ′)2 < (6.9 TeV)−2, it is obviously within the
experimental result.5 Thus, we will only consider the processes of ℓα → ℓβγ in our numerical
analysis below.
5 See ref. [16] for the other experimental bounds of semi-leptonic decays.
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NR3
N¯R3
Z ′
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f¯
FIG. 7: Main contribution to induce the relic density of DM.
D. Dark matter
In our model, the possible DM candidates are ζR/I and the lightest one in NR1,2,3 . For
the scalar DM of ζR/I , its nature is similar to the isospin doublet inert boson [27] except
Yukawa and additional (gauged) boson interactions. However, since our typical scale of
the Yukawa coupling yζ is around 10
−3, its modes cannot be dominant to explain the relic
density of DM. Clearly, ζR/I cannot help to rely on the interactions of the Higgs potential
and/or kinetic term. Nevertheless, it is known that there exist a lot of solutions to satisfy the
present exclusion limits from the direct DM experimental detections, even when a model is
minimal. To escape the limits from the spin independent direct detection searches reported
by LUX [28], XENON1T [29], and PandaX-II [30], we have to consider two dominant modes
from Z(
′) and CP-even Higgs portals. The former one with the Z boson mediation can easily
be evaded by giving the mass difference between ζR and ζI to be greater than O(100) keV.
Note that the constraint with the Z ′ mediation is always weaker than the Z one, since its
cross section is proportional to (g′/mZ′)2 < (6.9 TeV)−2. The latter one can also be used to
avoid the limits by taking the corresponding quartic Higgs couplings, which can be written in
terms of linear combinations λ0, λ
(′)
Hζ , λ
(′)
ηζ , λζϕ8(10) , to be less than 0.01, when the SM Higgs
is mediating and the other masses of CP-even Higgses are assumed to be heavier than the
mass of the SM Higgs. As a summary of the bosonic DM candidate, one finds the solution
at around 500 GeV of DM to satisfy the relic density of DM through the kinetic term. This
is almost the same as the result of the DM model with one inert two-Higgs doublet [27].
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In case of the fermion DM candidate such as the lightest state of NR1,2,3 , its main modes
to the relic density can be found in the kinetic term with the additional gauge boson,
and/or the Higgs potential. As for both modes, its solution tends to be at around the pole
with half masses of mediating fields. A comprehensive analysis has recently been done in
refs. [6, 31, 32]. To satisfy the direct detection bounds, we have the similar processes from
Z
′
and CP-even Higgses portals. With the same reason as the Z ′ mediation, there is almost
no constraint. As a result, we should consider the CP-even Higgses only. The exclusion
limits can be evaded by taking the corresponding quartic Higgs couplings of yNi,3 <0.01 [34].
Once we identify either of NR1,2 as DM, the allowed parameter space might be restricted
a little 6. On the other hand, if NR3 is DM, we can discuss the DM issue independently.
Once the leptogensis effect is taken into consideration, NR1,2 cannot be a DM candidate
because of their appropriate decays. As a result, the reasonable DM candidate is NR3 , and
its dominant contribution is expected to be in the s-channel via the Z ′ boson in Fig. 7. The
relic density of DM is formulated by [33]
Ωh2 ≈ 1.07× 10
9√
g∗(xf )MP lJ(xf )[GeV]
, (27)
where xf is assumed to be around 25, and J(xf )(≡
∫∞
xf
dx 〈σvrel〉
x2
) is evaluated by
J(xf ) =
∫ ∞
xf
dx


∫∞
4M2
N3
ds
√
s− 4M2N3W (s)K1
( √
s
MN3
x
)
16M5N3x[K2(x)]
2

 , (28)
W (s) ≈ 25g
′4(s−M2N3)
72π|s−m2Z′ + imZ′ΓZ′|2
(
2
√
1− 4m
2
t
s
(2m2t + s) + 131s
)
, (29)
ΓZ′ ≈ 13g
′2mZ′
24π
, (30)
with mt the top quark mass. In Fig. 8, we show the relic density of DM as a function of
MN3 , where red(blue) line corresponds to mZ′ = 350(700) GeV with g
′ = 0.05. As a trivial
result, we find that the correct relic density can be obtained near the half-mass of Z ′ for
each benchmark point.
6 Since the related Yukawa coupling yζ cannot be order one in order to lead the successful resonant lepto-
genesis, our final result does not change drastically.
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FIG. 8: The relic density of dark matter as a function of MN3 , where red(blue) line corresponds
to mZ′ = 350(700) GeV with g
′ = 0.05.
III. NUMERICAL ANALYSIS
For the numerical calculations, we use the neutrino oscillation data in Eqs. (11) and (12)
as well as the following input parameters:
Re[z] ∈ (0, π), Im[z] ∈ (−10,−1), (31)
(mζR ,MN1) ∈ (0.1, 10) TeV, MN2 ∈ (3×MN1 , 10×MN1) TeV, (32)
where we have taken mζI = mζ± to avoid the constraints from the oblique parameters [14],
and 3 . MN1/MN2 . 10 [21] because the number density of NR2 immediately decreases at
the temperature below MN2 .
Imposing the neutrino oscillation data, constraints from LFVs, and the BAU in Eq. (17)
with the out-of-equilibrium condition in Eq. (16), we present our numerical analysis below.
First of all, we show the benchmark point for several important values in the case of NH
and IH in Table IV to easily confirm they satisfy experimental results as discussed above. In
Fig. 9, we estimate the important value of 1−m2ζ+/M2N1 to obtain a sizable BAU in terms of
MN1 for the cases of NH(left-side) and IH(right-side). When MN1 . 1 TeV, 1−m2ζ+/M2N1 .
10−5 is required. Otherwise, the degeneracy between mζ+ and MN1 becomes to be milder
slightly. In Fig. 10, we show the scattering plots in the plane of BR(µ → eγ) and MN1
for NH and IH. We see that all values for whole the range of MN1 are below the current
14
TABLE IV: Bench mark points (BPs) for several representative parameters of NH and IH.
z (y†ζyζ)11 YB Br(µ→ eγ) Br(τ → eγ) Br(τ → µγ)
mζR
TeV
m
ζ±
TeV
MN1
TeV
MN2
TeV
NH 2.8-8.2i 2.7 × 10−5 6.0 × 10−10 6.2 × 10−20 1.0× 10−22 4.7 × 10−22 0.20 1.3 1.3 7.0
IH 1.4-9.0i 3.2 × 10−5 6.0 × 10−10 3.1 × 10−22 2.2× 10−25 1.5 × 10−25 0.81 7.7 7.7 6.4
NH
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FIG. 9: Scattering plots to satisfy all the data in the plane of MN1 and 1−m2ζ+/M2N1 , where the
left and right figures correspond to NH and IH, respectively.
experimental bound. This is the trivial consequence in order to get the sizable BAU via
leptogenesis. In Fig. 11, we display the plots of yζ11−yζ12 for NH and IH, where we separate
yζ11−yζ12 into the real and imaginary parts. These figures suggest that the IH case is greater
than the NH one by a few times. In Fig. 12, we illustrate the plots of yζ31 − yζ32 similar to
Fig. 11. These figures indicate that the NH case is slightly greater than the IH one, opposite
to Fig. 11.
IV. CONCLUSION
We have proposed a radiatively generated neutrino mass model with a successful lep-
togenesis to produce the BAU at TeV scale, which contains a gauged U(1)B−L symmetry
with unusual charge assignments of (-4,-4,5) to the right-handed neutrinos. In this model,
DM candidates naturally arrive without imposing any additional symmetry to stabilize DM,
which is achieved by the resulting symmetry after the SSB of U(1)B−L. We have examined
the allowed regions for the model parameters to satisfy all the experimental constraints. We
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FIG. 10: Scattering plots to satisfy all the data in the plane of BR(µ → eγ) and MN1 , where the
left and right figures correspond to NH and IH, respectively.
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FIG. 11: Scattering plots to satisfy all the data in the planes of Re[yζ11 ]− Re[yζ12 ] (left-side) and
Im[yζ11 ]− Im[yζ12 ] (right-side), where the top (bottom) figure represents NH (IH).
have found that the Yukawa couplings yζαβ with a typical order of 10
−3 lead to small LFV
processes, which cannot be measured at the current experiments.
16
NH
-0.010 -0.005 0.000 0.005 0.010-0.010
-0.005
0.000
0.005
0.010
Re@yΖ31D
R
e@
y Ζ
32
D
NH
-0.010 -0.005 0.000 0.005 0.010-0.010
-0.005
0.000
0.005
0.010
Im@yΖ31D
Im
@y
Ζ
32
D
IH
-0.010 -0.005 0.000 0.005 0.010-0.010
-0.005
0.000
0.005
0.010
Re@yΖ31D
R
e@
y Ζ
32
D
IH
-0.010 -0.005 0.000 0.005 0.010-0.010
-0.005
0.000
0.005
0.010
Im@yΖ31D
Im
@y
Ζ
32
D
FIG. 12: Scattering plots to satisfy all the data in the planes of Re[yζ31 ]− Re[yζ32 ] (left-side) and
Im[yζ31 ]− Im[yζ32 ] (right-side), where the top (bottom) figure represents NH (IH).
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